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The pavement system plays an important role in the economic and social 
sectors of a country.  Construction of pavement is increasing day by day to cater for 
the huge traffic volume.  Subsequently, it is important to improve the quality of road 
structure to reduce congestion and disruptions of journeys for road users.  
Improvements of road pavement using conventional bitumen are inadequate to 
prevent pavement deterioration.  Research has been done on modification of bitumen 
to address this problem.  In this research, kaolin was used for the modification of 
bitumen to improve the quality of roads.  Kaolin was added at an increment of 2%, 
starting with 0% to 12% by weight of bitumen of PEN 80-90 and 80-100 to analyse 
the physical and rheological properties of the modified bitumen.  Short term aging 
and long term aging were carried out on the modified bitumen to simulate the 
condition of aging during production, and after laying of bituminous mixture on 
roads.  Penetration and softening point tests were performed to determine the 
physical properties.  Penetration index was calculated from penetration and softening 
point tests, which indicated the temperature susceptibility of the modified bitumen.  
Viscosity and Dynamic Shear Rheometer (DSR) tests were carried out to determine 
the rheological properties of this bitumen.  Complex shear modulus (G*) and phase 
angle (δ) are the two parameters of DSR. A Marshall test was carried out on the 
bituminous mixture which was prepared from kaolin modified bitumen PEN 80-100.  
The engineering properties of the modified bitumen indicated that their physical and 
rheological properties have improved.  The significant effect was that, kaolin reduced 
penetration depth and increased viscosity of modified bitumen.  The modified 
bitumen has shown better elastic response and stiffness, which indicate a strong 
correlation of rutting resistance associated with temperature.  A higher percentage of 
kaolin modified bitumen has been shown to be very close to failure criteria of fatigue 
cracking due to hardness of modified bitumen.  Marshall properties of kaolin 
modified bituminous mixture has a higher stability and lesser deformation.  It can be 
concluded that kaolin modified bitumen improves quality of road pavements where 










Sistem jalan raya memainkan peranan penting dalam sektor ekonomi dan 
sosial kepada sesebuah negara.  Pembinaan jalan raya semakin meningkat dari hari 
ke hari bagi memenuhi keperluan jumlah lalu lintas yang semakin banyak.  Oleh itu, 
adalah penting untuk meningkatkan kualiti struktur jalan raya bagi mengurangkan 
kesesakan dan gangguan perjalanan bagi pengguna jalan raya.  Penambahbaikan 
turapan jalan dengan menggunakan bitumen konvensional masih lagi belum cukup 
untuk mengatasi kerosakan jalan. Banyak penyelidikan telah dilakukan untuk 
pengubahsuaian bitumen bagi mengatasi masalah ini.  Dalam kajian ini, kaolin 
digunakan untuk pengubahsuaian bitumen untuk meningkatkan kualiti jalan.  Kaolin 
ditambah pada kenaikan 2%, bermula dengan 0% hingga 12% bagi berat bitumen 
PEN 80-90 dan 80-100 untuk menganalisis sifat fizikal dan reologi bitumen yang 
telah diubahsuai.  Penuaan bitumen untuk jangka pendek dan jangka panjang telah 
dilakukan pada kaolin bitumen yang diubahsuai untuk meniru keadaan penuaan 
semasa proses penghasilan campuran turapan dan selepas meletakkan campuran 
turapan di jalan raya.  Ujian penusukan dan titik lembut dilakukan untuk menentukan 
sifat fizikal bitumen. Indeks penusukan dikira daripada ujian penetrasi dan titik 
lembut, yang menunjukkan kecenderungan suhu bitumen yang diubahsuai. Ujian 
kelikatan dan Rheometer Ricih Dinamik (DSR) telah dijalankan untuk menentukan 
sifat reologi kaolin bitumen ini.  Modulus ricih kompleks (G*) dan sudut fasa (δ) 
adalah dua parameter DSR.  Ujian Marshall telah dilakukan pada campuran bitumen 
yang telah tersedia daripada kaolin bitumen PEN 80-100 yang diubahsuai.  Ciri 
kejuruteraan kaolin bitumen yang diubahsuai menunjukkan sifat fizikal dan reologi 
bertambah baik.  Kesan pentingnya ialah kaolin mengurangkan kedalaman 
penusukan dan meningkatkan kelikatan bitumen yang diubahsuai. Bitumen yang 
diubahsuai telah menunjukkan tindak balas elastik dan kekakuan yang lebih baik, 
bilamana hasil ujian menunjukkan rintangan yang kuat dengan ‘aluran’ bila 
berkadaran dengan suhu.  Peratusan yang tinggi pada kaolin bitumen yang 
diubahsuai menunjukkan ia hampir dekat dengan kriteria kegagalan terhadap retakan 
disebabkan kekerasan bitumen yang diubahsuai.  Ciri-ciri Marshall pada kaolin 
bitumen yang diubahsuai menunjukkan kestabilan yang lebih tinggi dan ubah bentuk 
yang lebih rendah.  Dapat disimpulkan bahawa bitumen kaolin yang diubahsuai 
meningkatkan kualiti jalan raya pada suhu tinggi.  
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1.1       Background of the Study 
 
The performance of pavements is mostly influenced by the loading 
magnitude, configuration and load repetitions by heavy vehicles (Sharad and Gupta, 
2015).  Road pavement is one of the major infrastructures which plays a vital role for 
economy, study, security, hospitalization and many other purposes of a country.  
Government invests lots of money for developing the road network, which is one of 
major sources of income for the country.  The government has to be more concerned 
with the road sector as it is a major part for developing a country.  
 
Bitumen is a thermoplastic material of hydrocarbons including paraffinic, 
saturates, aromatics, resins and graphitic bitumenenes.  It is widely used as a very 
effective binder for mineral aggregates to form effective mixture of pavement 
construction materials.  Bitumen is a thermoplastic liquid.  At high temperature, it 
behaves like a viscous liquid and at low temperature behaves like an elastic solid.  
There is a significant affect on road construction at rainy season of adverse climatic 
condition.  Lack of durability and densification of a layer under repetitive load 
actions are considered the limitation of long service life for bitumen pavement.  
Therefore, bitumen pavement shall be achieved a sufficient strength to overcome 
these limitations (Salleh, 2010).  Recently, many additives have been used to 
improve the physical properties, performance and durability of bitumen.  Modified 
bitumen mitigates the pavement distress and reduces life cycle cost as compared to 
2 
 
unmodified bitumen.  The desirable characteristics of modified bitumen are better 
elastic recovery, a higher softening point, greater viscosity, better cohesive and 
adhesion strength (Collins et al., 1991; Salleh, 2010).  Modified bitumen was used to 
improve the pavement performance, as it can prolong the service life of pavement 
even with the unexpected volume of traffic.  Modified bitumen pavement exhibits 
greater resistance of rutting, decreases the fatigue crack and temperature 
susceptibility (Ashok et al., 2012). 
 
A  road pavement  is  a  structure  consisting  of  superimposed  layers  of  
processed  materials above the natural soil sub-grade, whose primary function is to 
distribute the applied vehicle loads to the sub-grade.  At  ambient  temperatures,  
bitumen behaves  as  a  visco-elastic  material  providing  both  stability  and  
flexibility  which present  as  essential  properties  for  long  lasting  pavements 
(Golestani et al., 2012).  However, increasing of traffic volume, heavier and larger 
truck that are greater than design load on the pavement and increasing of tire 
pressure contribute to damage of pavement and it will shorten the life span of the 
pavement.  The pavement structure should be able to provide a surface of  acceptable  
riding quality, adequate  skid  resistance,  favourable  light  reflecting characteristics,  
and  low  noise  pollution.  The  ultimate  aim  is  to  ensure  that  the transmitted 
stresses due to wheel load are sufficiently reduced, so that they will not exceed  
bearing  capacity  of  the  sub-grade.  There are two main types of pavement, which 
are flexible pavement and rigid pavement.  This study will focus on flexible 
pavement. 
 
Flexible pavement consists of series of layers with the highest quality 
materials at or near the surface of pavement.  Flexible pavements are designed to 
resist fatigue cracking, low temperature cracking, rutting and other temperature 
distress.  The fatigue cracking of flexible pavement is due to horizontal tensile strain 
at the bottom of the asphaltic concrete.  Rutting occurs only on flexible pavement as 
indicated by permanent deformation or rut depth along wheel load path.  Thermal 
cracking includes both low-temperature cracking and thermal fatigue cracking 
(Shahbaz et al., 2013). 
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One step ahead is needed to minimize this major problem in road pavement.  
Bituminous  layers  should  be  improved  to  make  it  long  lasting  with  slightly 
maintenance  and  comfort  to  the  end  user.  Thus, this study comes out to improve 
the quality of bitumen by using kaolin as a modifier in bitumen PEN 80-90 and 90-




1.2       Problem Statement 
 
The axle weight of heavy vehicles has lead to a dramatic increase in level of 
stresses exerted on bitumen surface.  This sharp increase of stresses is one of the 
reasons for reducing the service life of unmodified bitumen (Shafii et al., 2011).  The 
rutting gets affected with temperature and moisture content, with higher temperature 
causing more rutting (Shahbaz et al., 2013).  At high temperature, around 36°C to 
41°C, with excessive traffic volume induced the vehicle wheel strip on the road 
which reduce the life cycle of bitumen (Donald, 1986; Minakshi Singhal et al., 2016; 
Quddus, 2010).  In recent years, as the demand for pavement has increased, 
researchers have focused on production of modified bitumen (Seyed Mojtaba et al., 
2015).  Overheating reduces the binding properties of bitumen.  If the temperature of 
bituminous mix has been reduced then the compaction will not be proper leading to 
longitudinal corrugations (Sharad. and Gupta 2015).  To combat hot climatic region 
and cracking in cold climatic region modified bitumen is very convenient for road 
pavement (Jain et al., 2008).  Rutting occurs as well as rapid and extreme variations 
of temperature.  The final properties of bituminous mixture are strongly dependent 
on the quality and rheological properties of the bitumen (Pierre et al., 2000).  
Annually 85% of bitumen production (on the average about 90 million tons of 
bitumen per year) is used as a binder in road construction.  However, oxidized and 
residual bitumen do not have the necessary properties to meet the modern 
requirements of pavement (Serhiy et al., 2016).  To overcome this problem, various 




Modifier is very effective for enhancing the storage stability and temperature 
susceptibility of modified bitumen.  In the case of improving storage stability, the 
biphasic structure of modified bitumen could be destroyed due to excessive 
interaction between modifiers and bitumen and make the products useless (Zhu and 
Kringos, 2014).  For example, reactive polymer like reactive ethylene terpolymer 
(RET) has a tendency for inter-chain reaction between modifier and bitumen 
molecules, which can lead to the nature of chemical formation rather than physical 
formation (Polacco et al., 2006).  The chemical formation produced bitumen gel 
which is completely useless due to insoluble and infusible in nature (Polacco et al., 
2006).   
 
Montmorillonite and kaolinite clay mineral’s have ability to disperse into 
individual layers at the nanometer level.  Fine-tuning their hydrophilic surfaces into 
hydrophobic ones through ion exchange reactions makes it possible to use them in 
modified bitumen (Sinha and Okamoto, 2003).  Better storage stability and higher 
viscosity are observed by adding a proper content of hydrophobic clay minerals in 
polymer modified bitumen (M. Jasso et al., 2013).  Additionally the ideal exfoliated 
nature of polymer modified bitumen with this hydrophobic clay mineral is hard to 
obtain and their use only lead to limited improvements in low-temperature 
properties, ductility and elastic recovery (Golestani et al., 2012).  The types and 
correct proportion of modifier are very important when added into the bitumen to 
ensure optimum modifier content which has significant strength against physical and 
functional defects (R. Zhang, 2007).  From previous researches, modified bitumen 
has a limited improvement in elasticity, phase separation problem and relatively high 
cost.  Even popular modiﬁers have various disadvantages in their application (Zhu 
and Kringos, 2014).  Some problems with bitumen modiﬁcation are still not well 
understood.  More efforts are expected to be made to promote further development 
(Collins et al., 1991).  Therefore, the modified bitumen is important to improve the 
strength of bitumen and at the same time, it is capable to maintain the physical and 
rheological properties for a longer service life.  Although there are many types of 
modifiers used to modify the bitumen, they have some limitations.  At present, 
polymer is one of the popular modifier to modify the bitumen (Zhu and Kringos, 
2014).   
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1.3       Objectives 
 
The objectives of this study are to investigate the effect of kaolin as a 
modifier to modify bitumen for the pavement.  This study focused on the following 
objectives: 
 
i. To determine the engineering properties of modified bitumen at different 
percentages of kaolin. 
 
ii. To determine the optimum mixing ratio of kaolin for modified bitumen. 
 
The engineering properties of modified bitumen were determined by physical 
and rheological test.  Physical properties can be determined by penetration and 
softening point test.  Rheological properties can be determined by viscosity and 
dynamic shear rheometer test.  The optimum mixing ratio of kaolin content was 




1.4       Scope of Research 
 
The study focused on the physical and rheological properties of the modified 
bitumen.  The samples of bitumen PEN 80-90 and 80-100 were used for this study.  
Here the sample of kaolin was used as a modifier.  Kaolin is still a new modifier for 
modification of bitumen.  The different percentages of kaolin content were mixed 
and blended with bitumen.  The percentages of kaolin content are 2, 4, 6, 8, 10, and 
12% by weight of bitumen.  The kaolin modified bitumen was tested for penetration, 
viscosity, rolling thin film oven, pressure aging vessel and dynamic shear rheometer 
test.  Marshall test was carried out to find out the optimum mixing ratio for kaolin 
modified bitumen PEN 80-100.  All mixing and testing were carried out at highway 






1.5       Significance of the Study 
 
Different types of modifier have already been used previously to modify 
bitumen.  Although some of those have shown a good result, many researches are 
still ongoing to find a better modifier.  Therefore, the use of kaolin can modify the 
bitumen in a cost effective manner with long service life despite the heavy traffic 
load.  This study also justifies the kaolin effectiveness for modification of bitumen.  
The most significant aim of this study is to improve the road performance.  The 
research of this modified bitumen shall be a good lesson for modification of bitumen 








A. Forbes, R. G. H., T. Robertson, J.  Bryant and S. Bearsley. (2001).  Studies of the 
microstructure of polymer-modified bitumen emulsions using confocal laser 
scanning microscopy.  Journal of Microscopy, 204(3), 252-257.  
Airey, G. D. (2001).  Viscosity-Temperature Effects of Polymer Modification as 
Depicted by Heukelom's Bitumen Test Data Chart.  International Journal of 
Pavement Engineering, 2(4), 223-242.  
Airey, G. D. (2003).  Rheological properties of styrene butadiene styrene polymer  
modified road bitumens. Fuel, 82(14), 1709-1719.  
Airey, G. D. (2013).  Rheological evaluation of ethylene vinyl acetate polymer 
modified bitumens.  Construction and Building Materials, 16(8), 473-487.  
Airey G. D., A. C. Collop, M. M. Mujibur. (2004). Mechanical Properties of Crumb 
Rubber Modified Asphalt Mixtures. Paper presented at the 3rd Eurasphalt & 
Eurobitume Congress,, Vienna.  
Ali, A. H., Mashaan, Nuha S. Karim, Mohamed Rehan. (2013). Investigations of 
Physical and Rheological Properties of Aged Rubberised Bitumen.  Advances 
in Materials Science and Engineering, 2013, 1-7.  
Alrubaye, A. J., Hasan, Muzamir, Fattah, Mohammed Y. (2016)  Stabilization of soft 
kaolin clay with silica fume and lime.  International Journal of Geotechnical 
Engineering, 1-7.  
American Association of State Highway and Transportation Officials. (1986). 
Standard Specifications for Transportation Materials and Methods of 
Sampling and Testing AASHTO. Washington, D.C: American Association of 
State Highway and Transportation Officials. 
American Association of State Highway and Transportation Officials. (2000).   
AASHTO T315.  Standard Method for Determining the Rheological 
Properties of Asphalt Binder Using a Dynamic Shear Rheometer (DSR). 
Washington,D.C. American Association of State Highway and 
Transportation Officials. 
American Society for Testing and Materials. (1992).  ASTM STP 1108. Rheological 
Properties of  Polymer Modified  Emulsion  Residue, American  Society  for 
Testing and Materials.  Philadelphia. 
American Society for Testing and Materials. (1982).   ASTM D 4123.  Standard Test 
Method for Indirect Tension Test for Resilient Modulus of Bituminous 
Mixture.  American  Society for Testing and Materials, Pennsylvania. 
 American Society for Testing and Materials. (2004).  ASTM D 2872.  Standard Test 
Method for Rolling Thin Film Oven Test,  American Society for Testing and 
Materials. 
American Society for Testing and Materials. (2013a).  ASTM D5/D5M-13.  Standard 
Test Method for Penetration of Bituminous Materials. West Chonshohocken, 
Philadelphia, U.S.A. 
American Society for Testing and Materials. (2013b).  ASTM D 4402.  Standard Test 
Method for Viscosity Determination of Asphalt at Elevated Temperatures 
Using a Rotational Viscometer. West Chonshohocken, Philadelphia, U.S.A. 
American Society for Testing and Materials. (2014).  ASTM D36/D36M-14ei.  
Standard Test Method for Softening Point of Bitumen (Ring-and-Ball 
Apparatus). West Chonshohocken, Philadelphia, U.S.A. 
Anja Sorensen, Bodo Wichert. (2009). Asphalt and Bitumen Ullmann's 
Encyclopedia of Industrial Chemistry Wiley-VCH, Weinheim 
Ashok Pareek, Trilok. Gupta, Ravi. K. Sharma. (2012).  Performance of Polymer 
Modified Bitumen for Flexible Pavements. International Journal of 
Structural and Civil Engineering Research, 1(1), 77-86.  
Association of Aphalt Technologists, (1985).  Marshall Procedures for Design and 
Quality Control of Asphalt Mixtures. 11-13 (54), 265-384 San Antonio, TX. 
Bahia HU, P. D., Turner P. (2015).  Applicability of Superpave binder testing 
protocols to modified binders. Journal of the Transportation Research 
Board, 1586, 16-23.  
Bardesi, A. (1990). Use of Modified Bituminous Binders, Special Bitumens with 
Bitumen Additives in Pavement Applications. Paper presented at the 
Technical Committee Flexible Roads (C8) World Road Association (PIARC) 
Brown S.F, Airey G. D. (1998).  Rheological  Performance  of Aged Polymer 
Modified Bitumen. Journal of the Association of Asphalt Paving 
Technologists, 67, 66-87.  
Budhu, M. (2008).  Soil mechanics and foundations.  New York: NY, Wiley. 
Eisazadeh, (2010).  Physicochemical behaviour of lime and phosphoric acid 
stabilized clayey soils.  PhD Thesis.  Faculty of Civil engineering, Universiti 
Teknologi Malaysia.  
Ezree Abdullah, Kemas Ahmad Zamhari, Mohd Rosli Hainin, Ebenezer Akin 
Oluwasola, Norhidayah Abdul Hassan, Nur Izzi Md. Yusoff (2016).  
Engineering properties of asphalt binders containing nanoclay and chemical 
warm-mix asphalt additives.  Construction and Building Materials 112, 232–
240 
Chafﬁn CW, O. Connor. DL., Hughes CH. (1978).  Evaluation of the use of certain 
elastomers in asphalt:  FHWA-TX-78180-1F Final Report. Washington, D.C. 
Federal Highway Administration, . 
Colin, S. R. (2004).  The  Efficient  Use  of  Environmentally-Friendly  Natural  
Rubber  Latex  in  Road  Construction-Past,  Present  and  the  Future.  Paper 
presented at the Seminar Rubber in Transport, Breda, , Netherlands.  
 Collins J. H., Bouldin. M. G., Gelles R. and Berker A. (1991).  Improved 
Performance of Paving Asphalts by Polymer Modification.  Journal  of  the 
Association Asphalt Paving Technologists, 60, 43-79.  
Corbett, Merz. (1975).  Asphalt Binder Hardening in the Michigan Test Road Paper 
presented at the Transportation Research Board, National Research Council, 
Washington, D.C, 27-34.  
Department of Public Works. (2008).  Standard Specification for Road Works 
JKR/SPJ/2008/S4. Malaysia. 
Donald, L. O. (1986).  Use of Polymer-Modified Emulsions in Seal Coats.  Paper 
presented at the The Asphalt Emulsion Manufacturers Association 
Faiza Bergaya B.K.G., Theng. G. Lagaly. (2006).  Handbook of Clay Science, : 
Elsevier Science. 
Fei Liu, J. W., Kunfeng Chen and Dongfeng Xue. (2010).  Morphology Study by 
Using Scanning Electron Microscopy, Microscopy: Science, Technology, 
Applications and Education. 
G. Polacco, J. S., D. Biondi, L. Zanzotto. (2006).  Relation between polymer 
architecture and nonlinear viscoelastic behavior of modified asphalts. Colloid  
Gabriel Vasilievici, M. B., Dornin Bombos. (2013).  Nanoparticles for Asphalt 
Composite Obtained by Milling. Material Plastice, 50(1), 44-48.  
Galooyak SS, D. B., Nazarbeygi AE, Moeini A. . (2010).  Rheological properties and 
storage stability of bitumen/SBS/montmorillonite composites. Construction 
Building Materials, 24(3), 300-307.  
Gayle K., J. Johnston. (2009).  Polymer Modified Asphalt Emulsions: Composition, 
Uses  and  Specifications  for Surface  Treatments [Press release] 
Golestani B., Nejad. FM., Galooyak SS (2012).  Performance evaluation of linear 
and nonlinear nanocomposite modified asphalts.  Construction  and  Building  
Materials, 35, 197-203.  
Halstead, W. J. a. Welborn, J.Y. (1974).  History of the Development of Asphalt 
Testing Apparatus and Asphalt Specifications.  Paper presented at the 
Asphalt Paving Technology: Proceedings, Williamsburg. 
Hamad Al-Ajami. (2016).  Utilisation of Nanomaterials in Improving Bitumen and 
Asphalt Mixtures Characteristics: A review. Civil and Environmental 
Research, 8(6), 17-22. 
Herbert, A. (1932).  Asphalts and Allied Substances: Their Occurrence, Modes of 
Production. New York: D. Van Nostrand Co. Inc. 
Hossain Mustaque, Swartz Stuart, Hoque Enam. (1999).  Fracture And Tensile 
Characteristics Of Asphalt Rubber concrete. Journal of Materials in Civil 
Engineering, 287-294.  
J. Johnston, K. Gayle. (2009).  Polymer Modified Asphalt Emulsions: Composition, 
Uses and Specifications for Surface Treatments. FHWA Publication No. 
FHWA‐CFL/TD‐08‐00x. 
 Jasso M, B. D., MacLeod D, Zanzotto L. (2013).  Preparation and properties of 
conventional asphalt modified by physical mixtures of linear SBS and 
montmorillonite clay.  Construction and Building Materials, 38, 759-765.  
Jendia, S. (2010).  Highway Engineering-Structural Design. Gaza, Palestine: Dar El-
Manara Library, First Edition. 
Jain, M. C., R. S. Negi., A. Krishna and B. R. Tyagi. (2008).  Multigrade Bitumen 
versus conventional bitumen. Journal of Scientific & Industrial Research, 67, 
307-313.  
Keller W.D. (1976).  Clays. Clay Minerals, 24, 262. 
Keller W.D., M. Reichelt., J. Neuzil. (1981).  Morphology of kaolinite Weathered 
from a Non-Feldspathic Mica-Phyllite.  Clay Minerals, 16, 289-295.  
Khattak Mohammad J, Baladi Gilbert. Y. (2011).  Fatigue and Permanent 
Deformation Models for Polymer Modified Asphalt  Mixtures.  Journal of 
the Transportation Research Board, 1767, 135-145. 
Koo, J. H. (2012).  Polymer nanocomposites: processing, characterization, and 
applications: McGraw-Hill Professional,. 
Lenoble. C, Nahas. N. C. (2014).  Dynamic Rheology and Hot Mix Performance of 
Polymer Modified Asphalt.  Journal of the Association of Asphalt Paving 
Technologists, 63, 450-470.  
Lexington, K. (2008).  Mix Design Methods for Asphalt, 6th: Asphalt Institute. 
Lewandowski LH. (2011).  Polymer modiﬁcation of paving asphalt binders.  Rubber 
Chemistry and Technology, 67(3), 447-480.  
Liu, G. (2011).  Characterization and Identification of Bituminous Materials 
Modified with Montmorillonite Nanoclay, Master Thesis, Material Science & 
Engineering, Wuhan University of Technology, P.R. China.    
Lucas AG. (1976).  Modiﬁed bitumens for rolled asphalt.  Highways Road ConstrInt, 
1800(44), 4-5.  
Lu, U. Isacsson. (2000).  Properties of Bitumens Modified with  Elastomers  and  
Plastomers. Paper presented at the 2nd Eurasphalt and Eurobitumen 
Congress, pp: 342-349.  
Lu X., Isacsson. U., and Ekblad J. (1999).  Phase separation of SBS polymer 
modified bitumens.  Journal of Materials in Civil Engineering, 11(1), 51-57. 
M. A. Shafii, M. Y. A. R., and J. Ahmad. (2011).  Polymer Modified Asphalt 
Emulsion.  International Journal of Civil & Environmental Engineering 
IJCEE-IJENS, 11(6), 43-49.  
M. Jasso, D. Bakos, D. MacLeod, L. Zanzotto. (2013).  Preparation and properties of 
conventional asphalt modified by physical mixtures of linear SBS and   
montmorillonite clay.  Construction and Building Materials, 38, 759-765.  
Mazumder M., Panda M. (1999).  Engineering Properties of EVA-Modified Bitumen 
Binder for Paving Mixes.  Journal of Materials in Civil Engineering, 11(2), 
131-137.  
Mallick, R. B., and Tahar El-Korchi. (2009).  Pavement Engineering: Principles and 
Practice, . 
 Merusi, F. G., Felice Polacco, Giovanni. (2012).  Linear Viscoelastic Behaviour of 
Asphalt Binders Modified with Polymer/clay Nanocomposites.  Procedia 
Social and Behavioral Sciences, 53, 335-345.  
Minakshi Singhal, Y. Y. a. R. M. (2016).  Use of Modified Bitumen in Highway.  
International Journal for Innovative Research in Science & Technology 
(IJIRST), 2(12), 376-382.  
Mohamed, A. A. (2007).  A Study on the Physical and Mechnical Properties of 
Asphaltic Concrete Incorporating Crumb Rubber Produced Through Dry 
Process.  PhD Thesis, Universiti Teknologi Malaysia. 
Mohammed Atta El-Saikaly, Prof. D. Shafik. Jendia. (2013).  Study of the Possibility 
to Reuse Waste Plastic Bags as a Modifier for Asphalt Mixtures Properties. 
Master Thesis. Faculty of Civil Engineering, The Islamic University of Gaza 
Munera J. C., Ossa. E. A. (2014).  Polymer modified bitumen: optimization and 
selection. Materials and Design, 62, 91-97.  
Murray Jelling, R. H. N. Y. (1990).  U.S Patent No. 5039342.  Herman Mark, Nahon 
Patent Development Corporation. 
Murray H. Hayden. (1961).  Industrial Application of Kaolin. Tenth Naitional 
Conference of Clays and Clay Minerals 291-298. 
Naeem Aziz Memon, K. A., and Zaheer Ahmend Almani. (2013).  Effect of 
Variation in Blending Variables on the Properties of CRMB. Mehran 
University Research Journal of Engineering & Technology, 32(3).  
National Asphalt Pavement Association. (1982). Development of Marshall 
Procedures for Designing Asphalt Paving Mixtures, Information Series 84. 
Paper presented at the National Asphalt Pavement Association, Lanham, MD 
Nursuhana Binti Abu Bakar, (2015).  Utilization of Waste High Density Polyethylene 
(HDPE) as Coarse Aggregate Replacement and Kaolin as Filler in Hot Mix 
Asphalt. B.Eng (Hons), University Malaysia Pahang. 
Nurulain Bte Che' Mat, (2013).  Effect of Modified Sasobit on Performance Asphalt 
Mixture. Master of Engineering, Universiti Teknologi Malaysia 
O. Sulyman, M. (2013).  New Study on Improved Performance of Paving Asphalts 
by Crumb Rubber and Polyethylene Modification. Journal of Material 
Science & Engineering, 2(4), 1-9.  
Ouyang, C. W., Shifeng Zhang, Yong Zhang, Yinxi. (2006).  Thermo-rheological 
properties and storage stability of SEBS/kaolinite clay compound modified 
asphalts.  European Polymer Journal, 42(2), 446-457.  
Pierre J. Carreaul, M. Bousmina, F. Bonniotl (2000).  The Viscoelastic Properties of 
Polymer-Modified Asphalts. The Canadian Journal of Chemical 
Engineering, 78, 495-503.  
Polacco G, S. J., Biondi D, and Zanzotto L. (2006).  Relation between polymer 
architecture and nonlinear viscoelastic behavior of modified asphalts.  Curr 
Opin Colloid Interface Science, 11(4), 230-245.  
Pourjavadi, M. Ayyari, M.S. Amini-Fazl. (2008).  Taguchi optimized synthesis of 
collagen-g-poly (acrylic acid)/kaolin composite super absorbent hydrogel 
European Polymer Journal, 44(4), 1209-1216.  
 Putra Jaya, R., Abdul Hassan, Norhidayah Mahmud, Mohd Zul Hanif, A. Aziz, Md 
Maniruzzaman, Hamzah, Meor Othman, Che Wan, Che Norazman. (2014). 
Effect of Aggregate Shape on the Properties of Asphaltic Concrete AC14. 
Jurnal Teknologi, 71(3), 69-73.  
Quddus, M. A. (2010). Catalytic Oxidation of Asphalt.  Pakistan Research 
Repository), PhD thesis University of Karachi, .    
R. Zhang, (2007).  An Asphalt Emulsion Modified by Compound of Epoxy Resin 
and Styrene-Butadiene Rubber Emulsion. International Journal of 
Mathematical  Models And Methods In Applied Sciences, 4, 232-238.  
Rahman, M. T., Aziz, M. M. A., Hainin, M. R., & Bakar, W. A. W. A. (2014). 
Impact of Bitumen Binder: Scope of Bio-based Binder for Construction of 
Flexible Pavement.  Jurnal Teknologi, 70(7).  
Ray SS, Bousmina. M. (2005).  Biodegradable polymers and their layered silicate 
nanocomposites: in greening the 21st century materials world.  Prog Material 
Science, 50(8), 962-1079.  
Roberts, F. L., Kandal, P.S. Brown, E.R. Lee, D.Y. and Kennedy, T.W The 
university of Washington, Maryland state highway administration. (1996). 
Pavement Interactive. Pavement Interactive.   
Roberts, F. L. K., P.S. Brown, E.R. Lee, D.Y. and Kennedy, T.W. (1996).  Hot Mix 
Asphalt Materials, Mixture Design, and Construction. Lanham MD: National 
Asphalt Pavement Association Education Foundation. 
Sabina, K., T. A. Sangita, Sharma D. K. and Sharma, B. M. (2009).  Performance 
evaluation of waste plastic/polymer modified bituminous concrete mixes. 
Journal of Scientific & Industrial Research, 68.  
Salleh, N. B. M. (2010).  Effect of Rubber waste on hot mix asphalt properties. 
Master of Science Civil Engineering, University of Tehran, Tehran, Iran, The 
University of New Mexico, Albuquerque, New Mexico,.    
Sengoz B., G. Isikyakar. (2008).  Evaluation of the properties and  microstructure  of 
SBS and EVA polymer modified bitumen.  Construction and Building 
Materials, 22(9), 1897-1905. 
Serfass J. P., J. A., Samanos J. (1990).  SBS-Modified Asphalts For Surface Dressing 
A Comparison between Hot-Applied and Emulsified Binders. Paper presented 
at the Polymer Modified Asphalt Binders, Symposium, San Antonio, Texas, 
USA.  
Serfass, J. P., Joly, A. and Samanos, J. (1992).  SBS-Modified Asphalts For Surface 
Dressing -A Comparison between Hot-Applied and Emulsifie  Binders.  Paper 
presented at the Polymer Modified Asphalt Binders, Symposium, San 
Antonio, Texas, USA.  
Serhiy Pyshyev, V. G., Yuriy Grytsenko and Michael Bratychak. (2016).  Polymer 
Modified Bitumen Review. Chemistry & Chemical Technology, 10(4).  
Seyed Mojtaba Mousavi, M. F., Mahdi Azizi, S. M. Mousavi. (2015).  Enhancement 
of rheological and mechanical properties of bitumen. Journal of Applied 
Polymer Science, 13(41875), 1-5.  
 Shahbaz khan, M. N. Nagabhushana, Devesh Tiwari, P. K. Jain. (2013).  Rutting in 
Flexible Pavement:  An approach of evaluation with Accelerated Pavement 
Testing Facility.  Social and Behavioral Sciences 104, 149 – 157   
Sharad. S. Adlinge, Prof. A. K. Gupta. (2015).  Pavement Deterioration and its 
Causes.  IOSR Journal of Mechanical & Civil Engineering (IOSR-JMCE), 9-
15.  
Sinha Ray S, Okamoto. M. (2003).  Polymer/layered silicate nanocomposites: a 
review from preparation to processing. Prog Polymer Science, 28(11), 1539-
1641.  
Steernberg, W. E. M. S. a. K. (1998).  U.S Patent No. 5719216.  Shell Oil Company. 
The constructor.org. (2015).  Transportation grading of bitumen methods 15949, 
Grading of bitumen.   
Uddin, F. (2008). Clays, Nanoclays, and Montmorillonite Minerals. Metallurgical 
and Materials Transactions A, 39(12), 2804-2814.  
Valkering C P, Lancon. D. J. L., Dehilster E and  Stocker D A (1998).  Rutting 
Resistance of Asphalt Mixes Containing Non-Conventional and Polymer 
Modified Binders. Journal of the Association of Asphalt Paving 
Technologists, 59, 590-609.  
Whiteoak, D. (1990).  Shell Bitumen Handbook.  Shell Bitumen UK, London. 
You Z., J. M, Justin M. F., Samit R., Gregory M. O., Qingli D. and Shu W.G. 
(2010). Nanoclay modified asphalt materials: Preparation and 
Characterization.  Journal of Construction and Building Materials, 25, 1072-
1078.  
Yu J, Wang. L, Zeng X, Wu S, Li B. (2007).  Effect of montmorillonite on properties 
of styrene–butadiene–styrene copolymer modified bitumen. Polymer 
Engineering Science, 47(9), 1289-1295.  
Zoltán Adamis, József Fodor. (2005).  Bentonite, kaolin and selected clay minerals.  
Environmental Health Criteria 231 World Health Organization Geneva. 
Zhang B, X. M., Zhang D, Zhang H, Zhang B. (2009).  The effect of styrene-
butadiene-rubber/montmorillonite modification on the characteristics and 
properties of asphalt.  Construction Building Materials, 23(10), 3112-3117.  
Zhou WL, Wang. Z. (2006).  Scanning Microscopy for Nanotechnology.  New York: 
NY: Springer. 
Zhu Jiqing, B. B., Niki Kringos. (2014).  Polymer modiﬁcation of bitumen: 
Advances and challenges.  European Polymer Journal, 54(1), 18-38.   
 
 
 
 
 
 
